where 11 and 14 are the respective lengths of the layers k1 = 27r/Xi and k2= 27r/X2, and Z1 = picI/SI, Z2 = P2C2/S2. The quantity Z is recognized as the so-called acoustic impedance of a plane compressional wave. Here again the formal agreement is evident and the analogy becomes more striking if S2/S1 = P2/P1. The structure here considered is of course a low-pass compressional wave filter. If cos U is plotted against frequency (instead of energy as in the electron case) cos U is numerically not greater than unity for frequencies extending from zero to some "cut-off" frequency where there begins a "forbidden" band, i.e., a range of frequencies for which no transmission takes place. The plot of (5) on a frequency scale is formally equivalent to that of (4) on an energy scale. Irreversible dissipation is, of course, ruled out in both problems.
The above analogy breaks down in the case where W > V1 but W < V2. In this case transmission through the lattice is controlled by cos U = cos aill cosh a212 --sin aill sinh a212 (4') 2°a2 oil since a2 is now imaginary. In order to provide an elastic wave analogy it is necessary to contemplate an elastic medium in which the compressional wave velocity is infinite (i.e., there is no variation in phase from one point to another) but in which the displacement amplitude is attenuated with distance. Experiments which will be published in detail elsewhere have led to the following conception of protein metabolism in man.
During a 24-hour period when the subject is maintained in nitrogen balance with either protein, or a mixture of amino acids, or a single amino acid, the larger fraction (60-75%) of the nitrogen metabolized in this period is derived not from the nitrogen ingested during this interval, but from that already present. In this sense the bulk of the protein metabo-PHYSIOLOGY: BORSOOK AND KEIGHLEY PRoC. N. A. S. lized in any one day is endogenous. The term endogenous is used here in a different sense from the connotation given it by Folin, who used it to designate the wear and tear quota of protein metabolized. The simplest direct evidence for the above conclusion was furnished by experiments in which a mixture of amino acids and protein was ingested containing only a small amount of sulphur. These experiments showed that under these conditions there is no sparing of the basal sulphur. In several instances more sulphur was excreted than the sum of the amount ingested and the total excreted during a fasting period of 24 hours. It follows therefore that when protein is ingested the nitrogen and sulphur excreted do not come for the most part from the ingested protein; but that approximately three quarters is derived from protein (or protein split products) already in the organism.
The sulphur figures suggest that the ingestion of protein or amino acids is followed by a stimulation of endogenous protein metabolism. Experiments carried out to estimate the extent of this stimulation showed that it does not exceed ten per cent of the total protein metabolized, and in most cases is probably much less.
The sulphur data support the theory of the existence of dep6ts of "storage" protein in the organism; the amount of this storage is a function of the level of the nitrogen equilibrium. These dep6ts, even when the subject is in nitrogen equilibrium, are being constantly replenished and depleted. In starvation they furnish, of course, all the protein metabolized; but even when a large quantity of protein is ingested, most of. the protein catabolized in a day is derived from storage protein.
The increase in uric acid following the ingestion of amino acids or proteins, which has been interpreted as evidence of a stimulation of endogenous 20, 1934 composite of two groups of factors, one of which is a constant and the other variable. The constant factor comprises the increased oxygen consumption attending the oxidative deamination of the amino acids, and the conversion of the ammonia to urea. In these two processes one molecule of additional oxygen is used for every additional molecule of nitrogen deaminized and converted to urea, or approximately 7 calories per gram of nitrogen. Of the variable fraction, one part is the increase in the metabolism of the kidney while excreting the increased quantity of nitrogen. The experiments of Dock' have shown that the ratio of the increase in metabolism to the increase in thermodynamic work performed by the kidney diminishes as the amount of work performed increases. Under the conditions of our experiments the increased kidney work would probably not account for more than 5 calories per gram of nitrogen. The other part of the variable fraction is the stimulation of metabolism by the sudden increase in the cells, particularly of the kidney and liver, of the amount of keto acids resulting from deamination.
Under conditions where the "chemical" heat regulation mechanism of Rubner is in operation, i.e., at temperatuires below 20°C., where fat and carbohydrate exert no specific dynamic action, we would predict that the specific dynamic action of protein will consist only of the constant fraction described above plus a small additional factor for the work of the kidney, i.e., between 7 and 12 kg. calories per gram of additional nitrogen metabolized. This is in excellent agreement with the values found by Rubner6 on the dog and Terroine and Bonnet7 on the frog. At temperatures above 25°C. where the "chemical" heat regulating mechanism is inoperative and the body temperature is governed only by the "physical" heat regulating mechanisms we should expect higher values for the specific dynamic action of protein; because here fat and carbohydrate and therefore deaminized residues now exert some stimulating influence on the metabolism. This prediction also is in full accord with the experimental findings. In dogs at 250 or higher the specific dynamic action of alanine and glycine is 14-32 kg. calories per gram of nitrogen metabolized.8 In men after feeding gelatine we have obtained values between 18 and 32 kg. calories of excess metabolism per gram of excess nitrogen metabolized. The observation mentioned above that the specific dynamic action per gram of nitrogen metabolized is less on a high than on a low nitrogen balance can be explained reasonably on the view that a given quantity of keto acid will exert a lower stimulating effect when the fasting metabolism of deaminized residues is high than when it is low. This concept similarly affords an explanation for the observation of Wilhelmj and Mann9 that the specific dynamic action of alanine and glycine is greater in a starving than in a well fed animal. Nevertheless, even the lowest values at the higher temperatures are higher than those obtained below 20°C., which is in accord with the theory. PHYSIOLOGY: N. C. WETZEL Summary.-A theory of protein metabolism in man is proposed, some of whose features are:
(1) Most of the protein metabolized in any one day, even when the subject is in nitrogen equilibrium and a sufficient quantity of protein is ingested to maintain this equilibrium, is of endogenous origin, in the sense that it is derived not from the ingested protein, but from protein (or its split products) already in the body;
(2) Ammonia is one of the sources of urinary uric acid; (3) The specific dynamic action of protein is composed of two factors, one constant, the other variable; the constant factor is the metabolism of the nitrogen; the variable factor is largely the metabolism of the deaminized residues.
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